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HISTORICAL 
Thiones ( 1 ), also known as thioketones or thiocarbonyl compounds, 
have been reported as early as 1889.1 The preparations of thiones 
in which the R groups are either hetero atoms or are in conjugation 
wi·th the :;c=s chromophore are well founded. Unconjugated thiones on 
the other ha-nd are difficult to prepare and many erroneous reports 
have appeared in this area. 
(1) 
Early preparative methods most commonly used for the preparation 
of thiones involve the reactions of ketones or ketone derivatives 
with hydrogen sulfide. Other methods involved the.use of the phos­
phorus sulfides, P2s3
2, P2s5
3,4 or MgBrSH5 with a ketone, pyrolysis 
or photolysis of sulfur-containing compounds, and the decarboxylation 
of �-thioxocarboxylic acids. The method involving MgBrSH5 was 
reported by Mayer and coworkers6 to be an unsatisfactory method of 
preparing monomeric unconjugated thiones. The authors isolated 
trimeric products or metal _complexes of the thiones. These same 
2 3 4 workers reported that the use of P2s3 or P2s5' to convert 
ketones to thiones was unsuccessful due to the occurrence of 
numerous side reactions. 
The reaction of unconjugated aliphatic ketones with hydrogen 
sulfide in acidic media was first reported by Fromm and Bauman1 in 
1889.· Their work is now believed to have yielded mainly the trimer 
of the desired thioacetone. Until very recently most attempts to 
prepare aliphat_ic thiones involved the reaction of a ketone with 
hydrogen sulfide in a media of 95 percent ethanol which was 
saturated with hydrogen chloride.7 Due to the work of Mayer and 
Bleisch
8 it is now known that the prQducts obtained in this way 
+ 
are not the desired thiones b�t are mostly the gem-dithiols ( 2) of 
the corresponding ketones. This method is still the best method 
for preparing thiocampho� (3) and thiofenchone (4) since the gem-
dithiols of these compounds do not form under the stated conditions. 
R
"-. /
SH (}ss (ft C R/ "--sH 
(2) (3) (4) 
With modifications9 this method becomes a suitable means for the 
preparation of unconjugated thiones since thione formation is 
dependent on the reaction temperature and the use of dry solvent. 
The reaction of ketones with hydrogen sulfide in the presence 
10 of a basic catalyst such as ammonia or amines has generally been 
found to yield gem-dithiols as the major products with thiones 
formed only in some cases. This reaction is therefore unfavorable 
2 
as a method for preparing thiones and is now the accepted method 
. for preparing gem-dithiols. 
The use of ketals as starting materials for the preparation 
of thiones would seem realistic since the re.action of ketals ( 5) 
with water in the presence of an acid catalyst gives the ketones 
and the appropriate alcohols. The reaction proceeds readily when 
ketals are reacted with hydrogen sulfide in an acidic medium to 
give the thiones and the alcohol, generally ethanol, which is 
removed from the reaction by distillation at reduced pressure.11 
This method ·\•rorks equally well with enol ethers. A similar 
reaction, that of a.,�-unsaturated chlorides with alkali hydrogen 
su.lfides6 proved to be unsuccessful. 
(5) 
R 
'c=s . + 2R'OH 
R/ 
(1) 
Use of other ketone derivatives such as enamines and 
azomethines for the preparation of thiones has also been 
attempted. The work of Nomura and Takeuchi12 in which they 
reported the formation of cyclohexanethione and cyclopentane­
thione from the corresponding enamines and hydrogen sulfide was 
later shown to be in error; 13 the product actually isolated was 
the gem-dithioi. 10 Similar results were obtained for the 
d th . d·t· 
6 
reactions of azomethines un er e same con i ions. 
3 
Other methods of preparation involve the pyrolysis of sulfur­
containing compounds. For example, when a gem-dithiol is pyrolysed, 
hydrogen sulfide is eliminated to form the desired thione. 14 This 
reaction is carried out in the presence of a catalyst at 150 to 
200 ° C and 10 mm Hg pressure. Another method involves the pyrolysis 
150-200°C/10 Torr ,. 
(2) (1) 
4 
of an allyl sulfide ( 6 )  at 400-490
°c. 15 The only thione prepared by 
this method was thioacetone which was detected by vapor phase 
chromatography and identified by conversion to the 2, 4-dinitrophenyl­
hydrazone derivative. A method by which cyclic thiones (7) can be 
__........CH
J CH =CH-CH -S-CH 2 2 "'-cH 
3 
480° C 
CH
J"-... C=S + 
CH/ 
3 
obtained involves the pyrolysis of 1, 3-dithiocyclohex-4-enes ( 8) 
above 130° c.16 Thiones prepared in this way were obtained in the 
70-90 percent yields. 
(8) (7) 
-..... 
Other less successful attempts at pyrolysis involved special 
reagents or extreme conditions under which the thiones were not 
stable.13 
It has also·been mentioned that alicyclic thiones can be 
obtained through decarboxylation of p-thioxocarboxylic acids.17 
The photolyses of disulfides (9)-yi�lds unconjugated aliphatic 
18 thiones (1). These compounds were never isolated but were 
identified spectroscopically. The photolyses were carried out in 
0 hydrocarbon glasses at 77 K and then warmed to room temperature 
with the spectra being obtained at both temperatures. 
R"--. /R /CHSSCH 
R "R 
(9) 
h 
(1) 
The syntheses which at this time appear most useful are the 
acid catalysed cleavage of ketals and the pyrolysis of gem-dithiols. 
Both form the unconjugated thiones in good yields and in relatively 
pure form. The pyrolysis of allyl sulfides15 and the photolysis 
of disulfides 18 are not considered to be good general methods for 
the preparation of the desired thiones since numerous side products 
are also formed. 
Knowl�dge of the chemical and physical properties of the 
thiones is incomplete because their reactive nature makes it very 
difficult to obtain the compounds in pure form. Trimerization, 
dim.erization, formation of gem-dithiols, possible enolization 
5 
and other unknown impurities make interpre�ation of the spectral 
data unreliable. 
The spectral data reported in the literature are mostly 
visible and/or ultraviolet spectra along with some attempts at 
lo.eating the thiocarbonyl stretching frequency by infrared 
analysis. The visible spectra of unconjugated aliphatic thiones 
always show one band in the region of 500run. This band exhibits 
a hyposochromic shift in going from nonpolar to polar solvents and 
is considered to be the n ➔ �* transition. 19, 20 The ultraviolet 
spectra generally have two bands. Mayer and Fabian19 report a 
lower energy band between 230 and 244nm which they assigned to the 
�.rr* transition. A higher energy band bet�een 214 and 215nm was 
assigned to the n➔ o- * transition. Their assignments were based on 
solvent studies. Janssen20 on the other hand considered the 
ultraviolet region to be uninterpretable due to impurities. The 
only simple aliphatic thione with which Janssen worked was 
cyclohexanethione which is known to enolize19 and it is probable 
that the ultraviolet spectrum observed was that of a cyclohexenethiol­
cyclohexanethione equilibr�um mixture. 
In direct contradiction to the work of Mayer and Fabian,19 
R lS · d th t lt . 1 t b d . th d osengren assigne e wo u ravio e an s in e reverse or er 
with the low energy band at 227nm corresponding to the n ➔o* 
transition. Rosengren based this assignment on the fact that the 
. 
0 higher energy band was not present at 77 K. Since the n--n* mode 
corresponds to a transition from a vibrationally excited s�ate, it 
6 
would not be populated at low temperature. It should be noted 
7 
that a mercaptan was also formed and the band arising from this 
pr.oduct had to be subtracted from the spectra making the interpreta­
tion difficult. · 
The thiocarbonyl stretching frequency in the infrared has been 
8 -1 -1 reported to occur from 10 5cm to 1�50cm • However it is now 
. -1 -1 6 believed to be in the region between 1100cm and 1300cm • 
Bailey and Chu
15 did a vapor phase study of thioacetone in which 
8 -1 they reported the C=S band at 10 5cm • Other reported positions 
for this band are at 1120cm-l for di-t-butylthione21 and 1180cm-1 
for thiofenchone.3 In the study involving thiofenchone the 
majority of the work was done with compounds containing a hetero 
atom adjacent to the thiocarbonyl chromophore Ol' where conjugation 
was possible. It is of interest to note that the thiocarbonyl 
-1 -1 band was between 1000cm arid 1250cm unless the adjacent atom 
was a.nitrogen in which case three bands were observed and 
believed due to mixed vibrations. It was also noted that there 
was no simple correlation of the thiocarbonyl frequency and the 
electronegativity of the atom directly linked to the chromophore. 
The only mention of spectral properties other than the 
infrared or ultraviolet was in the work of Bailey and Chu. 15 
They mentioned observing the nmr spectrum of thioacetone but 
reported no values for the chemical shift of the crprotons. 
From the above discussion it is obvious that the spectral 
properties of thiones are not well defined and considerable work 
still remains to be done in the ultraviolet and infrared areas 
as well as in the areas of mass spectrometry and nuclear magnetic 
resonance spectroscopy. 
Chemical properties of thiones can best be illustrated by 
6 reproducing the schemes of reactions reported by Mayer et. al. 
Scheme 1 
+ NH20H 
+ NH2-NH2 
+ NH
2-
NH-CO-NH2 
+ NH2-NH-C6H.5 
+ H20 'c=s / 
+ c2H.5
0H 
+ H2S 
+ H2C(CN)2 
+ NH2-c6H.5 
Reduction 
' C=N-OH / 
' / C=N-N=C 
/ ' 
'J=N-NH-CO-NH2 
' /C=N-NH-C6H.5 
'c=o / 
)C(C2H5)2 
)C(SH)2 
)e=c(CN)2 
�C=N-C6H.5 
-C-SH 
8 
C=S 
·H 
C-SH 
Scheme 2 
+ R-Hal 
+ R-CO-Hal--------­
+ (R-C0)2o 
+ 2, 4-dinitro-chlorobenzene 
+ H2CN2 -----------> 
+ cs2, c6H5-cH2-Br 
+ H2C=CH-CN(COOR) 
Oxidation--------­
+ R-CHO----------� 
\ 
C-S-R 
I/ 
C-S-CO-R 
t-S-CO-R I/ 
)-s-c6H.3 ( N02)2 
C-S-CH
.3 I/ 
1
C-S-CS-S-CH2-c6H5 
}-S-CHz-CHz-CN(COOR) 
'c-s-s-i 
I/ � 
' . / C-S-CHR-S-C 
I/ � 
Scheme 1 involves the reaction of thiones with nucleophilic 
reagents. Scheme 2 involves the reaction of the enthiol tautomer 
with electrophilic reagents. In many cases the products are the 
same as those obtained from the reaction of ketones, the only 
difference being the ease with which the thiones react. 
Enolization of thiones is also important chemically; therefore, 
attempts have been made to determine the enthiol content by 
t' · t t· · th · d. 22 Th" h t b 11 f 1 i ra ion wi 10 ine. is as no een genera y success u .  
It has been established that thiones are deep red oils in what 
is believed to be the pure form and that the enthiol form is 
10 colorless. 
An additional area of interest is dimerization, trimeriza­
tion, or polymerization which occurs readily and is the major 
9 
cause of impurities in thiones. These products could result from 
free radical or ionic mechanisms. 
Although the photochemistry of conjugated thiones has been 
· 23 published recently , the literature is barren of similar data 
on unconjugated thiones. 
10 
11 
PURPOSE 
This project was undertaken in an attempt to increase our 
knowledge of compounds containing the unconjugated C=S chromophore. 
The main areas of interest and those studied include the spectral 
properties, the preparation, and the reactions 0£ thion$s. 
12 
DISCUSSION AND RESULTS 
I) Preparation: 
Diethyl ketals were prepared as described in the experimental 
section. Table (I) lists the ketals and the necessary experimental 
co�ditions that were needed to obtain them. In all cases, the yield 
was affected by the presence of water, therefore, the use of very dry 
materials was important in this reaction. The ketal of camphor was 
Table (I) 
Conditions for Preparation of Several Diethylketals 
Compound Weight of Reflux Boiling range Percent 
ketone used time of product yield 
2, 2-diethoxy-
110-115
°C propane (10) 20g · 2 hrs. 26 
2,2-diethoxy-
140-150°C pentane (13) 26g 5 hrs • 56 
.3, 3-diethoxy-
150-155°C pentane (15) 26g 1 day 52 
.3, 3-diethoxy-
2, 4-dimethyl-
135-145°C pentane (14) ,34g 2 days 35 
2, 2-diethoxy-
1, 3-diphenyl-
propane (11) 63g 2 days 200-207
°c/14rrrm. 38 
2, 2-diethoxy-
lOO-l08
°C/14mm octane (17 ) 37g 2 days 35 
1, 1-diethoxy-
0 
cyclohexane (12 ) JOg 3 days 190-19.8 C 48 
2, 2-diethoxy-
1, 7, 7-trimethyl-
bicycle 2.2.1 
170-180°c heptylidene (16 ) 45g 3 days 18 
obtained in low yield even under anhydrous conditions and this is 
probably due to the steric requirements of.the bicyclic ring. 
13 
The preparation of thi:�nes from the reaction of dietbylketals with 
hydrogen sulfide was a better method than the reaction of ketones with 
hydrogen sulfide at low temperature in acidic media. The former pro­
cedure gives only one byproduct, ethanol, whereas the latter method 
requires the· neutralization.of large quantities of acid and the removal 
of the salt by washing with water. The aqueous portion readily reacts 
with the thione, decreasing the yield. The reaction of ketals with 
hydrogen sulfide, as report�d, 11 was carried out in glacial acetic 
acid. Under these conditions the reaction proceeds much more rapidly 
than when no solvent is used. However, the presence of the acetic acid 
causes the thione to be more reactive and makes it impossible to obtain 
true spectral properties of the thiones. Isolation again involves 
washing with water. If ketals are reacted in the absence of a solvent, 
the reaction rate appears initially to be much slower but increases as 
the reaction proceeds. This is probably due to the formation of ethanol, 
which then acts as a solvent, becoming more abundant as the reaction 
proceeds. 
Attempts at isolating ·the thiones by distillation were generally 
unsuccessful since the thiones were always contaminated by some other 
material, which was mainly the dimer. as evidenced by later results. 
The thiones were isolated as red liquids which generally distilled over 
a five degree range at reduced pressure. They were also used as 
mixtures of ketal, ethanol, _and thione. Observation of the ultraviolet 
and mass spectra required the distilled thiones. Nmr spectra and . 
2 4 9 o 8 4 · o� TH DAKOTA STAT,E u TIVERSI LIBRARY 
photodimerization could be observed via the mixtures, eliminating the 
tedious distillations. 
II) Spectral Properties of Unconjugated Thiones 
A. Electronic Spectra 
14 
Some insight into the hybridization of thiones can be obtained from 
the correlation of the observed electronic transitions with theoretical 
symmetry calculations. The carbon atom, which possesses a double bond 
character, is known to have sp2 hybridization. The sulfur atom on the 
other hand has three possibilities: 1) no hybridization, 2) sp hybrid­
ization, 3) ��2 hybridization. The hybridization about the carbon atom 
requires the molecule to be planar. The symmetry point group of the 
thione is c
2v since there is a two fold axis of rotation and two 
vertical mirror planes. The c2v character table was used in the cal­
culations. The rotation axis was assigned as the z axis and the y 
axis as the axis in the plane of the molecule (see Figure 1). 
Figure 1. 
A transition is designated as allowed or forbidden according to 
the symmetry selection rule, which s·tates that if the product lf'
i � 
transforms as the same symmetry species as at least one of the com­
ponents of the dipole moment vector (M), it is allowed by symmetry; if 
it does not the transition is forbidden by symmetry. Each of the 
possible transitions-of the thione molecule �ere considered under the 
15 
symmetry selection rule for one electron transitions. The possible 
transitions for each case are summarized in Table (II), which is given 
below, along with the c2v character table ( Table III) and a sample 
calculation. 
Type of Hybrid­
ization 
p 
sp 
2 sp 
Table II 
Electronic Transitipns of Thiones 
Transition 
A2-A1 ( npy if* )
 
B2-A1 ( npy 
a* )  
Al-Al ( 1r-1T* )  
l\-A1 ( 
1r-- o* )  
Bi_-A1 ( n�if * )
 
A1-A1 (n� a-* )
 
A2-� ( npyrr * )  
B -A ( n --"'er* )  2 1 PY 
Al -A1 (rr
---» 1r* ) 
Bi_ -Al (ir
-j>o-* )  
B1 -A1 (n5p iT * )  
�-A1 (n5p er* ) 
B1 -A1 ( 
n
8p2-n * )  
B2-A1 (n8p2--o-* )  
Al -A1 (rr- �) 
Bl -Al (rr
�cr* )  
Product 
of � (Jf 
Condition 
forbidden 
allowed 
allowed 
allowed 
allowed 
allowed 
forbidden 
allowed 
allowed 
allowed 
allowed 
allowed 
allowed 
allowed 
allowed 
allowed 
Table III 
Character Table for c2v Point Group 
E c2 xy yz · Dipole Orbitals moment 
vector. 
Al +l +l +l +l M O', O'*' n sp' n 2, d 2, z sp z 
d 2 2 X -Y 
A2 +l +l -1 -1 
Bi +l -1 +l -1 M Tr, TT*, d xz 
B2 +l -1 -1 +l M 
n , d 
PY yz 
Sample Calculation: 
case. 
The transition chosen was the n --rr * of the nonhybridized 
PY 
The final or excited state is 2 
2 · 2 Cf n TT 
�=�x�x�x�x�x�x�x� 
'+;_ 4t: = A1x A2 = A2 
= A 2 
n TT * 
PY 
16 
There are no components of the dipole moment vector which transform 
to the symmetry species A2, therefore 
the transition A2A1.(n -Tl'* )  PY 
is forbidden by symmetry. 
17 
Table IV 
Ele ct-r oni c AbsorJ?tion Data for Several Thiones 
Compound Band I(E-<10) Band II(t::~5000 ) Band III(�~5000 ) 
EtOH Cyclo- EtOH Cyclo- EtOH Cycle-
hexane hexane hexane 
Thiocamphor (J ) 485 495 245 24J 210 21J 
2-pentanthione (18) 492 505 228 227 206 215 
J-pentanthione (19) .502 228 227 206 212 
l, J-diphenyl-J-
propanthione (20 ) 510 �22 
2,4-dimethyl-J-
pentanthione (21) 490 49.5 2JJ 233 207 212 
Thioacetone (22 ) 488 502 228 228 208 
A swnmary of the electronic absorption data obtained on several 
thiones is shown in Table IV. If one considers that the sulfur of 
the thione possesses sp2 hybridization, the first transition will be 
the n 2 �Tr". By performing similar operations to those shown in the sp 
sample calculation, this transition was found to be a I\--A1, which 
· is allowed by symmetry. The experimental data describe the first 
electronic transition of thiones (500nm,e<l0 ) as symmetry forbidden. 
On this basis one can eliminate sp2 hybridization as a possibility 
for the type of orbitals about the sulfur atom of thiones. Symmetry 
arguments for the first electronic transition will not differentiate 
between the sp hybridized and the nonhybridized state of the sulfur 
atom in thiones. Both have as their first electronic transition 
an n--rr* which is· for bidden by symmetry and therefore consistent p 
with the experimental data. The second electronic transition for 
the sp hybridized molecule would be an n� rr*, which is allowed by sp 
symmetry. For the nonhybridized case, the second electronic 
transition m�y be either 1r�rr *, or n �<r*· both of which are allowed 
p 
by symmetry. The experimental data establish that there is a 
symmetry allowed transition at approximately 230nm (E.- ,5000) and 
solvent effects indicate this to be an➔ TT* transition. If this 
assignment is correct it is reasonable to expect the 11- n* transition 
of the nonhybridized case to be lower in energy than the n_.,�* p 
transition. It is unreasonable to expect thefr➔ TT * to be lower in 
energy than the n _, 1r* of the sp hybridized case (see Figure 2). sp 
sp hybridized nonhybridized 
a-* 
----------
--.....i..--...;.1.;..� ____ Tr 
_______ 1__ � ____ o-
_________ _er* 
H 1Y __ ......., _________ ,1\ 
\J.ln 
_______ n ____ cr 
s 
Figure 2. Relative energy level diagrams for the chromophoric 
electrons in different states of hybridization in the thiocarbonyl 
chromophore. 
18 
The experimental data and the calculations suggest that the sulfur 
atom in thiones is best represented as nonhybridized. 
The experimental results obtained in the ultraviolet region 
appear to agree with the results of Mayer and Fabian.19 On the 
basis of solvent studies these workers as well as ourselves assigned 
the higher energy band (212nm) to then��* transition and the lower 
energy band (230nm) to the TT��* transition. The solvent studies 
appear correct, but since the ratio of the intensities of the two 
ultraviolet bands vary with time and the method of preparation it 
is quite possible that they are not both due to the thiocarbonyl 
chromophore. A sample of 2,4-dimethyl-3-pentanthione (21), which 
gave an ultraviolet spectrum similar to the one described by Mayer 
and Fabian, 19 under gas chromatographic conditions appeared to be 
composed of two compounds. These two compounds when trapped sepa­
rately give essentially identical ultraviolet spectra which differ 
from the spectra of the original sample in which both bands had 
essentially the same intensity. The higher energy band at 212nm 
became more intense than the lower energy band which decreases in 
·intensity or perhaps disappears. A shoulder was observed which had 
an inflexion point at 225nm. This may have been due to the original 
band which had a maximum at 233nm or it may have been due to a 
different transition. It was also observed that these shii'ts in 
intensities were the same as that obser�ed when the sample was 
allowed to stand at room temperature. These data suggested a 
possible equilibrium between the thione and some other species. 
19 
20 
Mass spectral data of the thiones indicated the presence of a 
dimeric species for all sa�ples analyzed. These data and the 
absence of an S-H stretching frequency in the infrared spectrum of 
solutions of thiones support a monomer-dimer equilibrium. The dimer 
of.cyclohexanethione (23) was isolated from solution (see discussion 
of photodimerization of thiones) and showed an ultraviolet absorption 
spectrum with a maximum at 209nm. It is consistent therefore to 
assign the high energy band to the n-�* transition of the 1,3-dithie­
tanes rather than the n-rr* transition of the thiones. 
B. Nuclear Magnetic Resonance Spectra 
All nmr spectra were recorded as mixtures of the starting 
ketal, ethanol, and the thione. The resonances due to the ketal 
and the ethanol could be easily subtracted from the· spectrum. The 
position of the protons oc.. to the thiocarbonyl chromophore could be 
determined with respect to the protons cc::: to the carbonyl chromophore 
by the addition of n
2
o to the sample. Immediate hy"drolysis of the 
ketal took place to give the corresponding ketone. In all cases, 
a peak or peaks appeared at lower field with the same splitting 
and symmetry as those due to the resonance of the protons � to the 
carbonyl chromophore. On this basis the only peaks in the nmr spectra 
which could be attributed to the thiones appeared at the cf values 
shown in Table (V). 
21 
Table V 
Chemical Shift of Protons cl.. to the Chromophore 
Compound Chemical Chemical shift of Shift of thione 
shift value corresponding ketone from ketone 
Thioacetone (27) 2. 76cf 2. 17d 36 cycles 
2-Pentanthione (19) 
Ci-methyl 2. 72cf 2. 110 36 cycles 
�-methylene 2. 86cf 2. 41d' 26 cycles 
1,J-diphenyl-3-
propanthione (20) 4. 71cf 3.63d 33 c:·cles 
The resonances of hydrogens cl.. to the thiocarbonyl chromophores 
appear at lower field than those of the corresponding ketones. This 
shift was 26 to 36 cycles downfi-:-ild. The downfield shi!."t would 
indicate that the adjacent hydrogens were more deshielded by the 
thiocarbonyl chromophore than by the carbonyl chromophore. The 
observed deshielding could be due to a change in the shielding cone 
or by a change in the relative charge on the carbon atoms of the 
two chromophores. A change in charge distribution is plausible since 
the thiocarbonyl is believed to be more ionic in character than the 
carbonyl because of less overlap of the Jp-2p orbitals of the tr bond. 
An•increase in positive charge on the carbon attached to the sulfur 
would tend to deshield the ex hydrogen causing it to be shifted farther 
downfield. Arguments invoking electronic effects to rationalize the 
22 
position of the resonance of protons on the carbonyl systems are 
-equally valid and of the same order of magnitude for the thiocarbonyl 
chromophore. 
The methyl.groups of thioacetone (22) and the methyl group of 
2�pentanthione (18) have relatively the same chemical shift values, · 
2.766 and 2.720 respectively and have the same downfield shift from 
the ketone, 36 cycles. Therefore, the chemical shift value for a 
methyl group next to a thione chromophore can be established with 
some certainty at betwe&n 2.70 and 2.8a. 
C. Mc..ss Spectroscopy 
Major proof that the thiones were actually being formed was 
supplied by the mass spectra of two thiones, 2-pentanthione (18)  
(see Table VI) and l, J-diphenyl-2-propanthione (20) (see Table VII ). 
Since no mass spectra have been reported for unconjugated thiones 
there are no known fragmentation patterns. However, the sizrilarity 
between the structures of the thiones and the ketones would suggest 
that the fragmentation patterns would be similar and indeed this was 
observed. 
For 2-pentanthione the presence of a molecular ion at m/e 102, 
which is the molecular weight, indicates the presence of the thione 
molecule. The molecular ion does not eliminate the possibility of 
the enthiol being present but does eliminate th� possibility of the 
gem-dithiol since there are only two peaks above m/e 104, one at 
m/ e 114 and a small peak at m/ e 204 which can b·e attributed to the 
dimer of 2-pentanthione. The P+2 peak at m/e 104 is important since 
it is due to the �ts isotope of sulfur. The natural abundance of 
this sulfur isotope is approximately 4.4 percent; therefore, the 
P+2 peak will establish the number of sulfur atoms present in the 
molecule. The P+2 for 2-pentanthione was 6.7 percent of the parent, 
s� there is a maximum of one sulfur atom present in the molecule. 
The principle of isotope abundance can also be used for this 
purpose. The more important fragments are those at m/e 59, 87, and 
74. The fragments at m/e 59 and 87 are due to the cleavage of the 
bond � to the chromophore with the positive charge residing on the 
fragment containing the sulfur atom as seen by Scheme 3. The 
fragment at m/e 74 was due to the McLafferty rearrangement, 24 which 
involves the migration of a �  hydrogen to the sulfur atom with 
subsequent cleavage and loss of ethylene as shown in Scheme 4. 
Scheme 3 
ex.. Cleavage of Thiones 
+ 
R-C=S + ·R' 
23 
· Scheme 4 
The McLafferty Rearrangement for 2-Pentanthione 
+ 
The parent ketone 2-pentanone was also present in the sample due to 
the ease with which the thiones hydrolyze and this allowed for an 
easy comparison of 2-pentanone with 2-pentanthione. For aliphatic 
ketones, the parent peak is usually quite pronounced. For thiones, 
the parent peak is clearly distinguishable but does not appear as 
pronounced as the parent p ak of the ketone. The McLafferty 
rearrangement proceeds to a greater extent in the thione than in 
the ketone. The cause of this could be the instability of the pi 
bond in the thione since the breakage of this bond would favor the 
formation of the cyclic intermediate and thus favor the formation 
of the fragment. 
The mass spectrum of 1, 3-diphenyl-2-propanthione (20) was also 
con�istant with the fragmentations of the corresponding ketone. 
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The molecular ion appears at m/e 226 which is t�e calculated · 
molecular weight. The P+2 peak at m/� 228 was 8.9 percent of the 
parent and indicates the presence of one sulfur atom �n the molecule. 
25 
The fragmentation pattern again involves a cleavage of the bond OC 
to the thione chromophore and since the mole cule is symmetric  only 
one peak results at m/e 135 . The F+2 peak at m/e 137 was 10 per cent 
of F and indicates the pre :,ence of sulfur in the fragment . The 
base peak in this spe ctrum was m/e 91 whi ch is the well known 
tropyliurn ion tha t is known to occur in · molecules that contain the 
benzyl group. There is also a major fragment at m/e 77 due to th0 
presence of a monosubstituted benzene ring. Other ma jor peaks 
occur at : m/e 192 which is P-34 and is probably due to the los s 
of H2S, and m/e 65 due to the fragmentation of the benzene ring. 
The mass spe ctrum of tetrabenzyl-1 , 3-dithietane ( 25 )  was also 
obtained (see Table VIII). The molecular ion whi ch appears at m/e 
452 was quite small , the P+2 measured to be 14 per cent of P 
indicating the presence of two sulfur atoms. The fragmentation 
pattern was unusual in that this compound cleaved readily to the 
1 , 3-diphenyl-2-propanthione. The only peak between the thi one and 
the dithietane was P-91 at ·m/e 361 and is due to the loss of one 
benzyl group from the parent compound. The fragmentation pattern 
below m/e 226 is similar to that of l , J-diphenyl-2-propanthione. 
The only difference observed was the intensity of the peaks whi ch 
is a function of the concentration and mass spectral c onditions . 
In generai the parent peak of thio compounds is _quite strong , 
however this is not the case with the dithietane. 
m/e 
43 
45 
46 
58 
59 
71 
74 
86 
87 
102 
104 
204 
Table VI 
Mass Fragments of 2-Pentanthione 
Percent 
base 
100 
42. 0 
8.0 
4.0 
12. 0 
1. 3 
1. 0 
. 067 
. 1  
Possible fragments 
OH 
CH3-C=CH2 
CH3C=S 
[ + ]  
CH3CHLCH2C
=O 
SH 
CH3-6=CHJ 
Parent Keton� (2-pentanone) 
CH3cH2c£ 2C
=S 
Molecular Ion 
16 P+2 due to 34s isotope 
Dimer of 2-Pentanthione 
26 
27 
Table VII 
Mass Fragments of 1 , 3-Diphenyl-2-propanthione 
m/e Percent Possible Fragments 
base [+] 
32 50 . 0  
34 2 • .5 5% of m/e 32 
39 14 • .5 
40 16 . 6  
.51 11 . .5  
63 10 . 8  
6.5 25. 2  C
.5
H
.5 
77 8 . 2  mono substituted benzene 
89 11. 2  
91 100 . 0  Tropylium Ion · 
92 11 .5  
115 31. 3  Ph-CH2
=cH2 
134 20 .5 
135 68 . 8  Ph-CH2-C
=S 
136 11. 9  
137 6 . 8  10% of m/e 135 
147 10 . 8  
190 11 . .5  
191 10 . 8  
192 13 . 0  
226 13 . 7  Molecular Ion 
228 1 . 2  8 . 9% of m/e . 226 
m/e 
226 
226 
228 
361 
363 
452 
Table VIII 
Mass · Fragments of Tetrabenzyl-1, 3-dithietane 
Percent 
base 
37.8 
. 2. 8 
31.6 
5. 1  
1. 1 
Possible Fragments 
�]  
Below m/e 226 the fragments were 
the� sa�e as given in Table VI 
9 .5% of m/e 226 
P-91 loss of benzyl group 
Molecular Ion 
D. Infrared Spectroscopy of Thiones 
28 
Because of the reactive nature of monomeric thiones it was impos-. 
sible to assign a band to the C=S stretching frequency of the thiones. 
The spectr� of the thiones were observed as neat samples or as dilute 
solutions. Arry bands that could have been assigned were very weak 
in nature; therefore, it appears that the infrared has little 
analytical value where thiones are concerned. The residue from 
the pyrolusis of tetrabenzyl-1, 3-dithietane ( 24) gave a band at 
l080cm-1, but because of the formation of other products as detected 
by the nrnr · spectrum the assignment of this band to the C=S stretching 
frequency is uncertain. Infrared studies of dilute solutions of the 
thiones also eliminated the formation ·of the enthiol structures 
because of the absence of a · S-H stretching frequency. If additional 
studies of the infrared absorption spectra of unconjugated thiones 
are undertaken, it is suggested that the thiones be prepared in a 
way that will eliminate dimerization and that the spectra be 
obtained in the vapor phase. 
III . Photodimerization of Unconjugated Thiones 
Upon standing a white solid was found to precipitate from 
solutions of 1, 3-diphenyl-2-propanthione ( 20 ), cyclohexanthione 
(25) , and thiocamphor ( 3 ). This material was identified as the 
dimer of the respective thione. Katritzky et. !1_.25 identified 
two products from cyclohexanthione. They were: the 2, 2:4,4-Bis 
pentamethylene-1, 3-dithietane (23 ), and 2, 2-pentamethylene-4, 5-
tetramethylene-l, 3-dithiolane (26 ). The structure proofs were 
obtained by standard methods and verified by nmr analysis. With 
(23) (26) 
1, 3-diphenyl-2-propanthione a possibility of the formation of 
multiple products also exists. If patterned after the findings 
25 
of Katritzky et. al. these would be the 2, 2, 4, 4-tetrabenzyl-l, 
3-dithietane ( 24) , 2, 2, 4-tribenzyl-5-phenyl-l, 3-dithiolane (27 ), and 
3, J, 4-tetrabenzyl-1, 2-dithietane (28) .  Proof that the material 
was a dimer was obtained from the mass ·spectrum which gave a 
29 
(24) (27) 
PhC�-2
l=
S PhCIC 
PhCH2 I 
Phcis S 
(28) 
molecular ion at m/e 452 and a fragmenta�ion pattern consistent with 
the structure (see mass spectrum discussion, page 25). Vapor 
pressure osometry gave an average molecular weight of 442g/mole 
which further confirmed a dimeric type structure. The exact 
structure could be obtained· from analysis of the ultraviolet and 
nmr spectr.a. The nmr spectra of structures ( 24)  and ( 28) would 
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have a singlet due to the equivalent methylene hydrogens and a 
multiplet due to the resonance of the aromatic protons. Structure 
(27) on the other hand would give a more complex splitting pattern. 
The hydrogen in the ring, Ha and �, would split each other and their 
absorption moved downfield since the adjacent atom is a sulfur atom� 
Furthermore, the signal of H would be split by the adjacent methylene a 
group into a quartet while splitting the methylene hydrogens into a 
doublet. The observed nmr spectrum gave only two signals at 7.25J 
( 20H ) a multiplet and 2. 74 f (8H ) a singlet. These data eliminate 
(27)  as a possible structure. In order to differentiate between 
(24) and ( 28 )  ultraviolet spectroscopy was used. The absence of 
an electronic transition at approximately J40 nm, which is known to 
occur for strained ring disulfides, 26 ·e.liminates . ( 28)  as a plausible 
structure. The product formed from the dimerization of 
1,3-diphenyl-2-propanthione is therefore ( 24). The dimer of 
.cyclohexanthione (23) was characterized by its identity to the 
compound isolated by Katritzky et. ai. 25 At this time the dimer 
of thiocamphor ·( 29) has not been fully characterized but has been 
assumed to be the dithietane given by structure (29) since it was 
formed under the same conditions used for the formation of the 
other dimers. 
s 
s 
(29) 
Since the dimerization did not oceur when the thione was 
stored in the dark, the reaction must take place via a photo­
synthetic pathway. This photodimerization occurred by means of 
the n�n* excited state. The reaction occurred when the thione 
was irradiated using a sodium lamp which has monochromatic emission 
at 589JA. The only transition which could have been excited under 
these conditions was the one at 500nm which was established by the 
electronic absorption data to be the n�n* �ransition. Katritzky 
et. a1. 25 also established that the reaction was free radical in 
nature since the addition of a free radical initiator enhanced the 
rate for the dimerization of cyclohexanethione. · Campaigne27 also 
felt that thiones possessed free radical character. These reports 
are substantiated and clarified by the experimental observations 
stated above. 
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Attempts to convert the thione to the dimer by thermolysis 
were not successful as no dimeric material was isolated. There was 
no observable change in the thione until the material began to 
decompose and tarry unidentifiable material resulted. 
Pyrolysis of the dimer occurred as soon as the melting point 
of the material was reached. The products of these pyrolyses were 
only partially identified. However, the parent monomeric thione 
appears to be reformed as evidenced by the appearance of a deep red 
color and the observation of a 500nm band in the visible spectrum. 
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The conditions at which the pyrolysis takes place causes the reformed 
thione to decompose rapidly. During the decomposition it was noted 
that hydrogen sulfide gas was evolved. The hydrogen sulfide was 
identified by bubbling the gas through a lead acetate solution which 
gave a precipitate of lead sulfide. Hydrogen sulfide was also identi� 
fied by its characteristic odor. The pyrolysis of tetrabenzyl-1, 
3-dithietane (24) occurred at 245°C which is the melting point of 
the material. Products other than hydrogen sulfide and l, J-diphenyl-
2-propanthione were observed but not fully characterized. The nmr 
·· of the residue in cc14 showed that the amount of resonance due to 
aliphatic hydrogens was greatly reduced. Also there was no 
observation of resonance due to olefinic hydrogens .in the nmr 
spectrum. · Therefore, the pyrolysis does not simply involve a 
symmetrical cleavage , as this would leave the nmr spectrum unchanged. 
Simple condensation reactions of thiones should give olefinic 
products which were not observed. The other two solid dimers that 
were obtained also underwent this type of decomposition upon melting. 
0 The dimer of thiocamphor pyrolysed at 192 C and that of cyclohexan-
o thione at 132 c .  
The pyrolysis of the dithietanes to give the monomeric thiones 
as well as the presence of the monomer and the dimer together in 
the preparative solutions of law molecular weight thiones as 
determined by mass spectrometry and ultraviolet spectroscopy may 
suggest a possible thione-dithietane �quilibrium. The stability 
of the dithietane would predict the rate and the equilibrium 
constant of the forward photochemical reaction. Dithietane 
precipitating from solution would drive the reaction to the right 
as was the case with the photochemical reaction of 1, 3-diphenyl-
2-propanthione (20 ), cyclohexanthione (25) , and thiocamphor (3) . 
The reaction of low molecular weight thiones produce dithietanes 
which are soluble in solution and require less thermal energy to 
reach the probable intermediate. These data are not conclusive 
evidence that such an equilibrium exists and more work is necessary 
to support this speculation. 
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EXPE."'1Il1ENT AL 
Description of Instrumentation Used 
Infrared spectra were run on either the Beckman IR5 Infrared 
Spectrophotometer or the Perkin-Elmer 521 grating Infrared Spectro­
photometer. Samples were run neat , - as �ujol mulls , or as KBr pellets. 
KBr pellets were prepared on a Carver Laboratory Press Model B. 
Visible and ultraviolet spectra were run on a Beckman DK-2A 
ratio recording spectrophotometer. Samples were run in silica cells 
as dilute solutions in cyclohexane or in 95 percent ethanol. 
Nuclear magnetic resonance spectra were obtained by use of a 
Varian A-60A analytical NMR spectrometer. Samples were run neat or 
as solutions in cc14• 
Molecular weight data were obtained by use of a Mechrolab Model 
301A vapor phase osmomcter. Samples were run as solutions in benzene. 
Mass spectra were run on both the Varian CH-5 and CEC-103-C mass 
spectrometers at the University of Wyoming, Laramie , Wyoming. 
Gas chomatographic separations were accomplished by use of a 
Aerograph Autoprep Model A-700. Helium was used as the carrier gas 
at a flow rate of 97 ml/min. The injector- temperature was 75°c ,  the 
0 
8 0 oven temperature 82 C and the detector temperature 7 C. The column 
used was 3/8 inch by 20 feet Aluminum with 30 percent SE-30 and 
45/60 Chrom-P. 
Chemical analyses were performed by Galbraith Laboratories Inc.,, 
Knoxville, Tennessee 37921'. 
The experimental work was performed at South Dakota State 
University, Brookings, South Dakota . Melting points and boiling 
points are uncorrected . Melting points were obtained using a 
Thiele tube containing parafin oil . 
Preparation of Diethylketals (10) - (17) 
·-
Ketals- were prepared by a procedure described by Hurd and 
3.5 
28 Pollack . A mixture of 20-63g (0 . 3  mole ) of ketone , 44g ( 0 . 3  mole ) 
triethylorthoformate , 0 . 05g p-toluenesulfonic acid , and 150ml of dry 
ethanol in a 500ml flask was refluxed between 2 and 72 hours depending 
on the starting ketone (see Table I in the Discussion) .  The mixture 
was then cooled to room temperature and neutralized with sodium 
ethoxide . To thi .  was added 500ml of water and the organi� layer 
was washed twice �with 50ml portions of water and then dried over 
anhydrous potassium carbonate . The material was then filtered to 
remove the potassium carbonate and then immediately distilled.  
2,2-Diethoxypropane (10) 
The product was obtained in a 26 percent yield bp 110-ll.5°C ,  
lit. 28 bp 113-115°c .  The infrared spe ctrum , neat on sodium chloride 
plates, showed the following absorptions : 2950 , 2810 , 1580 , 1435 , 
6 
-1 
1365 , 1220 , 1200 (broad) , 1155 , 1052 , 9 8 ,  940 , 912 , and 825cm • 
The mnr spectrum in cc14 had the following signals : 1 . 22.cf (6H, 
triplet) ,  1 . 35d (6H ,  singlet) , 3 . 70d (4H, quartet) . 
2,2-Diethoxy-1,3-diphenylpropane (11) 
The produ ct was obtained in 38 percent yield , bp14mm 200-
2070c. The infrared spectrum , neat on sodium chloride plates , 
showed the following absorptions: 3010 , 2960 , 2890 , 1940 , 1870 ,  
1790 , 1710(weak) , 1640 , 1595 , 1490 , 1440 , 1370 ,  1355 ,  1220 , 1157 
(broad) , lllO , 1075 ,  1043 , 1030 , 945, 909 ,  852 , 800 , 747 , 727 , and 
6 -1 95cm • The nmr spectrum in cc1
4 
had the following signals: 
l . 2_5o (6H , triplet) , 2 . 85d (4H , singlet) , 3 . 66cf (4H , quartet) ,  
7 . 19d (lOH , multiplet). 
1,1-Diethoxycyclohexane (12) 
The product was obtained in 48 percent yield , bp 190-198°c .  
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The infrared spectrum had the following absorptions : 2920 , 1720 
(weak) , 1440 , 1385 , 1360 , 1330 , 1265 , 1250 , 115.5 , · 1090(broad·) ,  1052 , 
' 6 44 � 9 O ,  940 , 918 , 883 , 9 , and 821cm • The nmr spectrum in cc14 had 
the following signals : 1 . 24d (6H , trip�.et) , 1 . 63c( (lOH, multiplet) , 
J. 55cf (4H , quartet) . 
222-Diethoxypentane (13) 
The product was obtained in _56 percent yield , bp 140-150°c .  
The infrared spectrum had the following absorptions : 2910 , 1700 
(weak) , 1430 , 1360 , 1220 , 1170 , 1137 , 1050 (broad) , 940 , and 830cm-1 • 
323-Diethoxy-2,4-dimethylpentane (14) 
0 The product was obtained in 35 percent yield ,  bp 135-145 C. 
The infrared spectrum had the following absorptions : 2950 , 2900 , 
1710 , 1460 , 1370 ,  1335 , 125.5 , 1177 , 1150 , 1090 (broad) , 1060 , 1028 , 
, 
6 -1 980 , 952 , 870 , and · ? 3cm • 
323-Diethox;vpentane (15) 
The product was obtained in 58 percent yield, bp 150-155°c. 
The infrared spectrum had the - following absorptions: 2940, 1450, 
14-00, 1340, 1J20, 1280, 1260, 1220, 1170, 1112, 1075(broad) , 1060, 
1028, 980, 952 , 870, and . 752cm-1 • 
222-Diethoxy-127,7-trimethylbicyclo [2 . 2. ]]  heptylidene (16) 
The product was obtained in 18 percent yield, bp 170-18o 0c. 
The infrared spectrum had the following absorptions: 3490, 2950, 
1740, 1440, 1415, 1395, 1370, 1320, 1275, 1162, 1111, 1090, 1030, 
970, 950 , 935, 880, 840, and 747cm-1• 
222-Diethoxyoctane (17) 
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The product was obtained in 35 percent yield, bp14mm lOO-l07
°c. 
The infrared spectrum had the following absorptions: 2900, 1710 
(weak), 1450, 1365, 1260, 1230, 1195, 1150, 1130, 1070 (broad) , 955, 
84 -1 O, 790 , and 720cm • 
Preparation of Thiones 
Thiones were prepared from a procedure patterned after the 
method of Mayer and Bleisch.11 To ll.2-28.4g (0.1 mole) of the 
ketals ( 10)- ( 17) , in an eight inch test tube, was added 0. 05g of 
p-toluenesulfonic acid as a catalyst. Hydrogen sulfide was 
introduced into this solution until it was bright red, from 1/2 to 
8 hours. The solution was then distilled at reduced pressure or 
was used as such for spectroscopic studies. 
2-Pentanthione (18) 
The product was obtained in 12 percent yield, bp�1 47-49
°C. 
� 111:J 
The visible spectrum in cyclohexane gave an absorption at 505nm 
(£ <10 ). The ultraviolet spectrum in cyclohexane had the following 
absorptions : >-... 227nm and 215 nm. The mass spectrum gave a max 
molecular �on at m/e 102 and had a P+2 peak that was 6. 7 percent 
of the parent peak. 
3-PG tanthione (19) 
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The product was obtained in 22 percent yield, bp46mm 50-54
°c, 
lit.11 bp57
mm 55-56°c .  The visible spectrum in cyclohexane gave an 
absorption at 502nm (� <10 ). The ultraviolet spectrum in cyclohexane 
gave the following absorptions: A- 227nm and 210nm. max 
i,3-Diphenyl-2-propanthi0ne (20) 
The visible spectrum in cyclohexane gave an absorption at 510nm 
(� <10 ). The mass spectrum gave a molecular ion at m/e 226 and had a 
P+2 peak at m/e 228 which was 10. 2 percent of the parent peak. The 
nmr spectrum in cc14 had the following signals: 4. l?o (4H, singlet), 
7. 19d (lOH, multiplet ). The product was always used as a solution 
of ketal, thione, and ethanol so the boiling point and yield were 
not determined. 
224-Dimethyl-3-pentanthione (21) 
The product was obtained in 31 percent yield, bp
14mm 
67-69°c. 
The visible spectrum in cyclohexane gave an absorption .at 495nm 
(£ < 10). The ultraviolet spectrum in cyclohexane gave the following 
absorptions: >-. 233nm and 212nm. max 
2-Propanthione (22) 
The visible spectrum in cyclohexane gave an absorption at 
502nm ( £ < 10). The ultraviolet spectrum in ethanol gave the 
follo-wing absorptions: >-max 228nm and 208nm. The nmr spectrum 
in cc14 had the following signal: 2. 76 cf (singlet). 
Thiocamphor (3) 
The product was obtained in approximately 10 percent yield by 
stripping off the solvent at reduced pressure. The visible spectrum 
in cyclohexane gave an absorption at �04nm. The ultraviolet spectrum 
in cyclohexane gave the following absorptions: >- 243nm and 212nm. max 
Cyclohexanthione (25) 
. The product had the characteristic red color of thiones and was 
used only for the preparation of its dimer and no percent yield or 
physical properties were determined for this compound. 
Tetrabenzyl-123-dithietane (24) 
l, J-Diphenyl-2-propanthione (20 )  was prepared as indicated 
previously. This solution �as then irradiated, with direct 
sunlight , incandescent room light or a sodium lamp , using a pyrex 
container. · A white solid began to precipitate out of the solution 
after two hours. The reaction was complete in two days . The 
solution was then filtered with suction and the precipitate was 
washed with ethanol and acetone. The crude product was then 
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recrystallized from carbon tetrachloride and dried in an oven at 
0 4 0 _ 120 C for 2 hours, mp 247-8 C. The product was obtained in an 
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average yield of 6. 53g which �epresents a 13. 1 percent yield. The 
mass spectrum gave a molecular ion at m/e 452. A VPO study gave an 
average mol0cular weight of 442g/mole. The nmr spectrum in cc14 had 
the follow�ng signals: 7. 25cf (20H, - multiplet), 2. 74J (8H, singlet). 
The infrared spectrum, ran as a KBr pellet, showed the following 
absorptions: 3080, 3050, 3025, 2925, 2900, 2825, 1947, 1880, 1810, 
1765, 1600, 1577, 1488, 1449, 1426, 1379, 1321, 1309, 1211, 1172, 
1150, 1141, 1075, 1039, 1025, 1000, 992, 892, 970, 954, 911, 900, 
879, 850, 827, 808, 752 , 740, 702, 690, 608, 590, 565 , 510, and 
460cm-1• 
Anal. Calcd. for c30H28s2 
Found 
C, 79. 59 ; H, 6. 2J 
C, 79.18 ; H, 6. 39 
214-Bis-2 ( 12 7, 7-Trl.methylbicyclo [2. 2. l] heptylide�1'.1e )-12 3-di thieta ne ( 29) 
Thiocamphor (J) was p�epared as indicated previously. This 
solution was then irradiated with a sodium lamp for four days. The 
product precipitated out of solution and was filtered with suction. 
The prGcipitate was washed with ethanol and acetone, mp 190-2°c. Due 
to the extreme insolubility of this material in all solvents attempted 
(acetone, ethanol, methanol, acetonitrile, hexane, cyclohexane, 
benzene and carbon tetrachloride), the material- could not be recrys­
tallized and spectral data could not be obtained. The small amount 
of the material obtained negated further analysis. 
222 : 424-Bis-pentamethylene-123-dithietane (23) 
Cyclohexanthione (25) was irradiated in sunlight for two days. 
The observed white precipitate was filtered with suction and washed 
with acetone. The crude product was recrystallized from cc14, 
mp 132-3°C lit.25 mp 132-3°C. The ultraviolet spectrum in cyclo-
hexane had an absorption maximum at 209nm. 
Pyrolysis of Tetrabenzyl-1,3-dithietane (24) 
The pyrolysis of tetrabenzyl-13-dithietane (23) was carried 
out by placing l.0g (0 . 0022 mole) of the material in a test tube 
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and then placing this in an oil bath maintained at a temperature of 
245°C. The material was left in the oil bath for ten minutes. The 
material changed from a white solid to a clear liquid to a red-black 
liquid. The test tube was removed from the oil and cooled to room 
temperature and the spectra were obtained. The visible spectrum in 
cyclohexane had maxima at 505nm. and 450nm. The nm.r in cc14 had the 
following signals: 7. 25cf (18H, multiplet), J. 85J (lH, singlet). The 
infrared spectrum, neat on sodium chloride plates, had the following 
absorptions : 3050, 2930, 1950, 1870, 1800, 1605, 1560, 1.540, 1498, 
1458, 1180, 1157, 1080, 1033, 1006, 965, 847, 750, and 697cm-1• 
A Second Method of Preparing Thiones 
A les_s successful attempt of preparing thiones involves the 
method of Mayer et. al. 9 A solution of 0. 3 mole of ketone and 75ml 
of dry ethanol was placed in a cold finger. Thi� solution was then 
saturated with hydrochloric acid and cooled to -90 °C. Hydrogen 
sulfide was introduced for eight hours and the solution was left 
standing at low temperature for twelve hours. Dry sodium hydrogen 
carbonate was introduced to neutralize the solution after which the 
mixture was allowed to warm to room temperature . The mixture was 
then poured into ice water and extracted with petroleUin ether . The 
·-
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organic phase was separated and dried over anhydrous sodium sulfate . 
The thione ..  were obtained by distillation at reduced pressure .  
Purification of Solvents 
Cyclohexane was stirred with concentrated sulfuric  a cid for 24 
hours. The mixture was then diluted with water and the organic 
layer was removed ,  washed with water and dried over anhydrous 
potassium carbonate . The material was then filtered, passed through 
silic:1• gel and alumina prior to distillation. 
Ethanol was dried by the methi .� of Lund and Bjerrum. 29 Five 
grams of magnesium and 0. 5g of iodine were added to 50-75ml. of 
ethanol. This mixture was then refluxed for two hours after which 
time 0 . 5g of iodine was again added. The mixture was then refluxed 
for 24 hours. To this was added 400ml of wet ethanol and the 
solution was refluxed for one hour. The dry ethanol was then 
distilled directly into the vessel in which it was to be used.  
4J 
CONCLUSION 
As analyzed by mass spectrometry, ultraviolet spectroscopy, and 
gas liquid chromatography, the unconjugated thiones prepared were 
composed of mainly monomer in the presence of some dimer. 
Certain literature reports on the ultraviolet absorption spectra 
of unconjugated thiones are erroneous. The monomeric thiones have 
two electronic transitions at 500nm (n -TI * )  and at 2J0nm (TI ➔�). A 
transition observed at 210nm was assigned to the n�d* transition of 
the thione dimers ( l, J-dithietanes). 
Nuclear magnetic resonance studies showed that the hydrogens cl 
to the thione chromophore resonate at lower field than do the oL 
hydrogens of the corresponding ketones. The chemical shift of the 
methyl group next to the tbione chromophore was observed to be at 
2 . 75o with respect to TMS in carbon tetrachloride . 
Mass spectral studies indicated that the thiones have fragmenta­
tion patterns similar to the corresponding ketones. 
Dimers (l, J-dithietanes) of monomeric thiones form via a photo­
synthetic pathway. The mechanism was suggested as occurring by a 
n-rr* excited state. 
1 .  
2. 
4. 
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